Objective: Sub-Saharan Africa has the highest HIV prevalence worldwide and depression is highly prevalent among those infected. The negative impact of depression on HIV outcomes highlights the need to identify and treat it in this population. A model for doing this in lower-resourced settings involves task-shifting depression treatment to primary care; however, HIV-infected individuals are often treated in a parallel HIV specialty setting. We adapted a model of task-shifting, measurement-based care (MBC), for an HIV clinic *setting and tested its feasibility in Tanzania. MBC involves measuring depressive symptoms at meaningful intervals and adjusting antidepressant medication treatment based on the measure of illness. Method: Twenty adults presenting for care at an outpatient HIV clinic in Tanzania were enrolled and followed by a nurse care manager who measured depressive symptoms at baseline and every 4 weeks for 12 weeks. An algorithmbased decision-support tool was utilized by the care manager to recommend individualized antidepressant medication doses to participants' HIV providers at each visit. Results: Retention was high and fidelity of the care manager to the MBC protocol was exceptional. Follow through of antidepressant prescription dosing recommendations by the prescriber was low. Limited availability of antidepressants was also noted. Despite challenges, baseline depression scores decreased over the 12-week period. Conclusions: Overall, the model of algorithm-based nursing support of prescription decisions was feasible. Future studies should address implementation issues of medication supply and dosing. Further task-shifting to relatively more abundant and lower-skilled health workers, such as nurses' aides, warrants examination.
INTRODUCTION
The impact of depression is growing worldwide, particularly in low and middle income countries [1, 2] . Available human resources for health are inadequate to address need in the developing world [1] . Models that shift the task of depression management from mental health to primary healthcare clinics have demonstrated effectiveness in addressing these issues [3] . Such models aim to logically redistribute tasks of disease management to relatively more abundant cadres of health workers, a process known as task-shifting. Task-shifting depression management relies on training lay and lower-skilled health workers to provide psychosocial interventions for the majority of depressed patients while referring refractory cases to less abundant, higher-skilled providers.
The profound need for depression treatment in HIV is twofold. First, depression prevalence in sub-Saharan Africa is much greater among HIV-infected than in the general population, ranging from 14% in a cross-sectional survey of individuals seeking HIV treatment in South Africa [4] to 57% in a longitudinal study of Tanzanian women [5] . Second, depression negatively impacts HIV through decreased antiretroviral (ARV) adherence [6] [7] [8] [9] , higher viral loads (VL) [7] [8] [9] [10] , lower CD4 counts [10] [11] [12] [13] , faster HIV disease progression [5, 14] , and increased mortality compared to individuals without depression.
However, in areas of the world where HIV is highly prevalent, HIV programs have created a de facto primary care system that functions independently and in parallel to traditional primary care systems. As such, integrating depression management into the primary care system may not address the needs of those infected with HIV. For example, in Tanzania, receiving care in specialized HIV Care and Treatment Centres is necessary to obtain ARV medications. In addition, these clinics are often preferred by patients so as to avoid community-based primary care clinics where confidentiality of HIV diagnosis may not be guaranteed.
This system of HIV care provides an ideal platform from which to deliver depression care management since HIV clinics provide a medical home for this vulnerable population. Delivery of HIV care follows guideline-concordant algorithms based on measures of illness (e.g., CD4 counts, VL, incident infections, etc.). A similar model that relies on the measurement of depressive illness to assist in the delivery of guideline-concordant antidepressant treatment would presumably be easily understood in such settings.
A measurement-based care (MBC) model of depression has demonstrated effectiveness in primary care clinics [15, 16] and feasibility in HIV clinics [17] in the United States. The purpose of this study was to adapt this model in order to task-shift depression management to an HIV clinic in Tanzania. MBC involves measurement of depressive symptoms at meaningful intervals and reliance on physicians to utilize an algorithm to adjust antidepressant treatment based on the measure of illness [18] . However, given the relative paucity of physician-level providers, we further adapted the model to shift care management primarily to nurses and examined its feasibility in a single-condition study in a Tanzanian HIV Care and Treatment Centre (CTC).
METHODS

Setting
The study was conducted in an outpatient HIV CTC at a regional-level public hospital in the Northern Zone of Tanzania. The main clinic, where the study took place, and satellite clinics provide the majority of HIV care to the region's population. The daily clinic staff consists of one assistant medical officer, three clinical officers, five nurses, three nursing assistants, and three peer patients (HIV patients who provide peer counseling and education through a government sponsored program).
The 
Participants and Procedures
For this feasibility study, patients thought to be depressed by their HIV providers and interested in study participation were referred to the study nurse for further eligibility determination. A convenience sample of 20 participants was attained in 1 week. Inclusion criteria were ³ 18 years old, score ³ 10 on the Patient Health Questionnaire-9 (PHQ-9) item, and capable of providing informed consent. Those who were acutely suicidal or had obvious psychiatric illness or history that would contraindicate enrollment or the use of antidepressant medication (e.g., bipolar disorder, psychotic disorder) were excluded from the study and referred to the psychiatric clinic. Participants who were referred provided written informed consent prior to completing a baseline assessment. Ethical clearance was obtained from the lead U.S. investigator's home institution and the National Institutes of Health in the United States, the local hospital's ethics committee, and the Tanzanian National Institute of Medical Research in Tanzania.
Implementation and Intervention
Prior to the start of the study, a nurse and clinical officer were identified by the clinic director to conduct the research procedures. The nurse had a baccalaureate nursing degree and 15 years of clinical experience in HIV. The clinical officer had 2 years of practical training beyond her baccalaureate degree and 5 years of HIV clinical experience. These individuals completed research ethics training and in-service training to increase competency in the detection and management of depression in HIV illness. This included recognizing signs and symptoms of depression, principles of depression management, and management of emergent psychiatric issues. In addition, they were trained in the use study instruments and the guideline-concordant depression treatment algorithm (see Figure 1 ).
Results of the baseline assessment, including relevant demographic and clinical data, were taken into account by the study nurse who consulted the adapted MBC treatment algorithm to determine an antidepressant medication and dose recommendation. The algorithm supported the use of Amitriptyline, the only antidepressant in stock at the hospital's pharmacy. Lower starting doses were recommended for participants on non-nucleoside reverse transcriptase inhibitors (NNRTIs) and protease inhibitors (PIs; see Figure 1 ). Ritonavir is not widely used in Tanzania and dosing recommendations specific to it were not supported by the algorithm for purposes of simplicity. The maximum dose supported by the algorithm was 150 mg or 200 mg, depending on ARV regimen. Dosing recommendations and relevant clinical data were presented by the study nurse to the study clinical officer who made the ultimate treatment choice in consultation with the participant.
After baseline, study visits took place at weeks 4, 8, and 12. At each visit, the study nurse measured the PHQ-9 and reviewed relevant clinical data including ARV prescription and adherence to both ARVs and antidepressants. These data were again utilized to determine from the treatment algorithm what dosing recommendations were indicated-maintain medication and dose, increase dose, change medication, or refer (see Figure 1 ). The results of the PHQ-9, adherence, side effects, and recommended management steps were communicated to the clinical officer who made all treatment decisions. Optional visits at weeks 2, 6, and 10 were offered as needed to monitor for emergence of troubling side effects or to manage crises (e.g., emergent suicidal thoughts). The treatment algorithm indicated referral to psychiatric care for participants who had not remitted (PHQ-9 < 5) by week 12 or for those who experienced clinically significant worsening of their depressive symptoms.
The study team met weekly with a psychiatrist to review the course of every participant. This supervision included reviewing PHQ-9 scores since baseline, antiretroviral regimen, baseline and incident side effects, algorithm-based recommendations since baseline, antidepressant prescription history since baseline, and any other relevant clinical data. The psychiatrist assessed the appropriateness of the treatment course and made recommendations for adjustment to the study nurse and clinical officer.
Study Measures
Patient Health Questionnaire-9 Item (PHQ-9)
The PHQ-9 is a nine-item measure of depression based on the Diagnostic and Statistical Manual criteria for diagnosis of major depressive disorder [19] . Each item asks how often over the previous 2 weeks the respondent has been bothered by each of the nine symptom criterion of major depressive disorder (0 = not at all to 3 = every day). A Swahili version has demonstrated construct validity and test-retest reliability in an HIV population in Kenya [20] . No diagnostic validation has been conducted in sub-Saharan Africa; therefore, a Western-validated cut-off score of ³10 was used to define a positive screen, a definition that has demonstrated high sensitivity and specificity [21] . The instrument also has utility in monitoring change in depressive symptoms [22] and has been used to track symptoms previously [23] .
Antidepressant and Antiretroviral Therapy Adherence Measure
We modified the Adult AIDS Clinical Trials Group adherence measure to include antidepressant medications. This is a self-report measure in which respondents identify their regimen from a comprehensive list of antiretroviral and antidepressant medications. Each medication is assessed in turn. The number of pills per dose and doses per day that are prescribed are recorded, then the numbers actually taken. The timing of the last missed dose is ascertained and three visual analog scales indicate from 0-100% how many of those prescribed were taken, how many were missed completely, and how many were taken late in the last month [24] .
Analysis
Stata version 10 was used for all analysis. Frequencies, means, and standard deviations were calculated for demographic variables. Mean PHQ-9 scores and standard deviations were calculated for each time point at which they were measured (weeks 0, 4, 8, and 12). Individual items on the PHQ-9 were also averaged and reported with standard deviations for each time point. Simple mean differences were calculated for total and individual item PHQ-9 scores and paired sample t-tests were used to compare baseline and week 12 PHQ-9 total and individual item scores.
RESULTS
Twenty-one individuals were referred by HIV providers and provided informed consent. Twenty were found to have a PHQ-9 ³ 10 and meet other eligibility criteria. There were 14 (70%) women and 6 (30%) men. Additional demographic data are presented in Table 1 .
Retention was 95% (n = 19) at week 4, 90% (n = 18) at week 8, and 85% (n = 17) at week 12. This corresponded to a study visit completion rate of 93% (74 study visits attended of 80 indicated). One participant moved outside the clinic's catchment area and the other two were lost to follow-up.
Algorithm fidelity was determined by correct identification of algorithmindicated antidepressant dose by the nurse, communication of the indicated dose to the clinical officer, and subsequent prescription of the indicated dose by the clinical officer. The study nurse correctly identified all algorithm-indicated antidepressant recommendations (n = 74, 100%) and communicated all to the study clinical officer. Determination of subsequent prescription was made in concert between the nurse and clinical officer. The supply of Amitriptyline was disrupted when the pharmacy ran out of the medication at week 8 and could not recuperate supplies until week 10. As a result, the clinical officer either suspended prescription or kept the dose artificially low to ensure ongoing availability for all participants. Thus, algorithm fidelity was ultimately low with only 19 (95%) participants having received a single dose increase by week 12, and no participant received a dose higher than 50 mg. All participants reported 100% adherence to antidepressants prescribed at each time-point; however, a 2-week shortage of medications meant that during one 4-week interval only 2 weeks' worth of medication was taken by participants.
The mean (SD) baseline PHQ-9 score for the sample was 19.85 (2.87). Average scores among 17 completers significantly decreased from 19.76 (3.01) at baseline to 8.12 (1.83) at week 12 (t = 19.62, df = 16, p < 0.001). Total and individual item scores at baseline and weeks 4, 8, and 12 are presented in Table 2 . Each item decreased significantly (p < 0.05) over the course of the intervention.
DISCUSSION
This study tested the feasibility of an innovative model of task-shifting depression treatment in an HIV clinic in Tanzania. The model utilized nurse management and an antidepressant decision support algorithm to assist the prescriber. Model feasibility was supported by various points of evidence. Recruitment through clinician referral readily produced 20 participants demonstrating high positive predictive value (95%) of clinician impression. The eagerness of staff to receive 112 / ADAMS ET AL. assistance managing depression also speaks to the acceptability of the approach. Participant retention was high suggesting the model was acceptable to them as well. Further evidence of feasibility was the high fidelity to the algorithm by the nurse in identifying and communicating the appropriate antidepressant dose recommendation to the prescriber. Adherence to prescribed antidepressants was high indicating that pharmaceutical interventions for depression are acceptable. The participant retention rates may, in part, be due to the fact that study visits corresponded to routine clinic visits, intentionally spaced at 1-month intervals to maximize ARV adherence and prescription refill. For patients attending HIV clinic less often, one might expect lower retention. The decrease in depressive symptoms in the sample suggests early evidence of effectiveness of the intervention, though these results must be interpreted cautiously given that the sample was not powered to detect a change and the study was non-experimental in nature. The two main obstacles to feasibility of the model hinged on medication dosing and supply. First, the study clinical officer was apparently hesitant to increase the dose as indicated by the algorithm. Though routinely prescribed by clinicians in the CTC as a sleep aid, none of the clinical officers had ever prescribed Amitriptyline at doses above 50 mg and only rarely for depression. It is unclear whether use of an antidepressant with fewer side effects or interactions with ARVs would have addressed this issue. The clinician had no previous prescribing experience with any other antidepressant and as such may have also hesitated to push doses in any other medication.
The second obstacle to feasibility was the disrupted supply. The study period represented the highest prescribing rate for Amitriptyline in the head pharmacist's memory. In order to continue supplying 20 individuals with monthly prescriptions, additional shipments from the Tanzanian Ministry of Health were required. As such, the clinical officer was further encouraged by external mechanisms to maintain lower doses than was indicated by the algorithm. Providing medications to participants through the study would have avoided this obstacle, but would not have allowed assessment of feasibility in this low resource setting. The ultimate aim of the clinic is to sustainably implement a feasible treatment model independent of research, and provision of medications through study resources was not deemed by clinic staff to further that goal. However, given the disruption in supply experienced during this rather small feasibility study, reliable pharmaceutical supplies are a demonstrable obstacle to independently sustained treatment in this clinic. Pharmaceutical distribution and use patterns should be examined in future research to assess implementation readiness.
Despite low prescribed doses and disrupted antidepressant supplies, depression response to medication was seen in all participants who completed the study. This could be understood in various ways. It is possible that adequate antidepressant dosing is lower in this cohort than those previously studied. In a Tanzanian cohort, Clomipramine, another antidepressant in the same class as Amitriptyline, was found to be equally effective at 75 mg as the conventional "adequate" dose of 125 mg [25] . Further research into what constitutes an adequate antidepressant dose in Tanzanians is warranted. Another possible contributor to improvement was the personal interactions with clinicians around issues of depression. Despite no increased frequency of clinic visits, the increased attention to depressive situations may have been therapeutic in itself. These data must be interpreted cautiously, however, given the lack of control group in the current study. Future studies might compare task-shifted medication management to psychosocial support interventions to determine the relative contribution of identifying and discussing depression to a medication treatment model.
The study had several limitations. The small sample size and lack of a control arm limits any conclusions about effectiveness of the model. The lack of systematic screening to identify participants could have created a bias for selfselection of highly motivated participants and thus an over-estimation of acceptability and feasibility. The use of a specifically selected and motivated study nurse and clinical officer rather than using all staff to provide the intervention could also impact our assessment of how easily the algorithm can be implemented in this setting. The use of a study nurse as opposed to a member of a lower-skilled healthcare worker does not address sustainability from the human resources for health perspective. Ideally, healthcare workers in relatively abundant supply, as opposed to further tasking an under-supplied cadre such as nurses, would be trained to provide decision support to prescribers. The current study did not assess feasibility of such task-shifting.
CONCLUSIONS
The lack of an affordable selection of antidepressants in Tanzania, as in many low and middle income countries [1] , complicates depression management in HIV. Further, the exhaustion in supply of those antidepressants that are available speaks to the need for ministries of health to anticipate the rising burden of depression globally and adjust pharmaceutical purchasing and distribution practices to address growing treatment needs. The potential for relatively low effective doses of antidepressants in Tanzanians must be further explored to accurately plan for population needs. Demands on the HIV healthcare work force should also be examined to identify the ideal cohort to drive task-shifted depression treatment. While this study feasibly shifted this task to a nurse, even this cadre of health professional is in relatively short supply [26] and nurses' aides or lay health workers should be considered. Shifting antidepressant medication decision support to even lower-skilled workers, in the way certain psychosocial interventions have been elsewhere [3] , should be studied as a way to further logically distribute the work burden to those cadres of health workers in relatively greater supply than health professionals. Finding a sustainable human resource base to drive depression management in HIV clinics in Tanzania, may prove invaluable for treating a population so highly vulnerable to depression and its effects.
